Two murine monoclonal antibodies to the proliferating cell nuclear antigen (PCNA), a rabbit anti-N-terminal peptide antibody and human autoantibody to PCNA reacted with the auxiliary protein for DNA polymerase delta from fetal calf thymus following SDS-polyacrylamide gel electrophoresis, confirming the identity of PCNA and the auxiliary protein. Undenatured auxiliary protein was immunoprecipitated by the human autoantibody, but not by the monoclonal antibodies, which were raised to SDS-denatured PCNA, nor by the anti-N-tenninal peptide antibody, suggesting that the epitopes recognized by both the monoclonal antibodies and the anti-peptide antibody are not exposed in the native protein. The human anti-PCNA autoantibody neutralized the activity of the auxiliary protein for DNA polymerase delta, but did not inhibit the activity of pol delta itself. The ability of pol delta to utilize template/primers containing long stretches of singlestranded template was inhibited by the anti-PCNA autoantibody, whereas the activity of pol alpha on such templates was not affected, confirming the specificity of the auxiliary protein for pol delta. The ability of PCNA, a cell cycle-regulated protein, to regulate the activity of pol delta suggests a central role for pol delta in cellular DNA replication.
INTRODUCTION
Proliferating cell nuclear antigen (PCNA), a 36 kDal nuclear protein that is the target of autoantibodies in the sera of a subset of patients with the autoimmune disease systemic lupus erythematosus (SLE), is detectable in the nuclei of rapidly dividing normal and transformed cells (1, 2) .
PCNA has been found to be identical to a cell cycle regulated protein, cyclin (3), initially identified by two-dimensional gel electrophoresis as a nuclear protein associated with proliferating cells (4, 5) . Immunofluorescence studies using human autoantibodies to PCNA have shown that PCNA/cyclin synthesis is induced in late Gl-early S phase, immediately preceding the onset of DNA synthesis (6) , and that the nuclear distribution of PCNA mimics the topographical patterns of DNA synthesis (7, 8) , suggesting that P.CNA/cyclin may function in regulating DNA replication.
Recently, direct biochemical links between PCNA and DNA replication were established by the findings that PCNA is identical to a 36 kDal protein purified from human cells that is required for efficient replication of SV40 DNA ^£ vitro (9) and to an auxiliary protein for DNA polymerase delta purified from calf thymus (10, 11) . The auxiliary protein, which stimulates both the activity and processivity of pol delta on template/primers containing long stretches of single-stranded template, e.g., primed horaopolymers or single-stranded phage DNA, does not affect the activity of pol alpha (12), the enzyme usually considered to be the only DNA polymerase required for eukaryotic DNA replication. This finding has therefore raised the possibility that pol delta is also involved in cellular DNA replication.
In the studies reported here polyclonal and monoclonal antibodies to PCNA were tested for their ability to recognize both native and denatured auxiliary protein and to neutralize its activity. Neutralizing antibody was further examined for its effect on the activity of pol alpha, to determine whether the ability of pol alpha to utilize template/primers containing long stretches of single-stranded template is the result of an endogenous PCNA.
MATERIALS AMD METHODS

Materials
Mouse myeloma IgG (P3x63AgB) was from Pharmacia. Mouse myeloma IgM, x(TEPC183), anti-mouse IgM (u chain specific), and Staphylococcus aureus (Cowan strain, formalin fixed) were from Sigma. Biotinylated goat antimouse IgG and IgM antibodies, avidin and biotinylated horseradish peroxidase were from Vector Laboratories. Anti-PCNA antibodies included two murine monoclonal antibodies: an IgM (19A2) and an IgG (19F4) prepared against SDS-denatured rabbit thymus PCNA (13), a rabbit anti-N-terminal peptide antibody (RAPAb) prepared by immunizing rabbits with a synthetic peptide whose amino acid sequence comprises the 11th to the 23rd residues from the N-terminus of PCNA (14) , and human lupus serum (AK) monospecific for PCNA (2,13).
Normal human serum was from a healthy volunteer. DNA polymerases alpha C and delta ( Step VI) and the auxiliary protein for pol delta (Step VII) were prepared from fetal calf thymus as previously described (12, 15) . DNA polymerase delta was further purified before use be rechromatography on phosphocellulose and DEAE-Sephadex.
Assays DNA Polymerase and Auxiliary Protein Assays -DNA polymerase delta was assayed with poly(dA-dT) as-template/primer as previously described (15) .
DNA polymerases alpha and delta were assayed with poly(dA)/oligo(dT) (20:1) as template/primer as described (16) except that Bis-Tris buffer, pH 6.5, was used. Incubation was at 37°C for 15 min. One unit of DNA polymerase is defined as the incorporation of 1 nmole dNMP per hr at 37°C. The auxiliary protein for pol delta was assayed as previously described (12) 
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protein followed by the addition of the reaction mixture for detection of the relevant activity.
SDS-Polyaery1amide Gel Electrophoresia
Samples were run on either 10Z or 12.5X slab gels (4Z stacking gel) according to Laemmli (17) and stained with Coomassie blue. Prestained molecular weight markers (Sigma) were calibrated with high and low molecular weight markers (Bio-Rad) on a 4-12.5Z gradient SDS-polyacrylamide gel.
Immunoblotting
Samples in SDS-slab gels were electrophoretically transferred to nitrocellulose sheets according to Towbin et_ aj_. (18) . PCNA and the auxiliary protein for DNA polymerase delta were detected using protein A and radioiodinated or biotinylated secondary antibody as previously described (19) .
RESULTS
Anti-PCNA Antibodies Recognize SDS-Denatured Auxiliary Protein
Western blots of purified rabbit thymua PCNA and calf thymus pol delta auxiliary protein ( (20, 21) . The molecular weight of unndenatured PCNA has been reported to be 100-to 160,000 (2, 19) , whereas the human replication protein which is required for efficient SV40 replication (9) and the calf thymus auxiliary protein for pol delta (12) have been reported to have molecular weights by gel filtration and/or velocity sedimentation of 70-to 80,000, suggesting that the native proteins are multimers of the 36 kDal subunit. Although it seems unlikely that the high molecular weight polypeptides that are immunoblotted by the anti-PCNA monoclonal antibody are multimers of the 36 kDal subunit, since the samples were heated at 95°C in the presence of 2-mercaptoethanol and SDS prior to electophoresis, stability of multimeric structures to such treatment has been reported (22, 23) . It is also possible that PCNA shares epitopes with other cellular proteins, but these epitopes are only exposed following denaturation and blotting. The finding that human autoantibodies recognize an active or functional site of a protein has also been observed for autoantibody to threonyl-tRNA synthetase (27) and raises the interesting consideration that this may be a common feature of many spontaneously occurring human autoantibodies.
The ability of human anti-PCNA antibody to inhibit the activity of pol delta but not pol alpha with poly(dA)/oligo(dT) (20:1) as template/primer confirms the specificity of the auxiliary protein for pol delta and, together with the observation that none of the anti-PCNA antibodies are able to immunoblot polypeptides in the pol alpha preparation, suggests that the activity of pol alpha on template/primers containing long stretches of single-stranded template is not due to an endogenous PCNA.
The role of pol alpha in DNA replication in eukaryotes is well established (24) (25) (26) . However, the ability of PCNA, a cell cycle regulated protein, to regulate the activity of pol delta but not pol alpha strongly suggests that pol delta may also play a central role in cellular DNA repli-
